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RESUMEN
Se investiga la electrocoagulación del colorante Rojo
Congo a partir de sus disoluciones sintéticas vía alumi-
nio generado anódicamente en experimentos a escala
laboratorio. Se examinan críticamente los efectos del pH
inicial, la densidad de corriente aplicada, la temperatu-
ra de la disolución, el tiempo de electrólisis, la concen-
tración de electrolito de soporte, la carga inicial de colo-
rante, el área del electrodo y la separación entre el ánodo
y el cátodo sobre la concentración residual de coloran-
te y la eficiencia de eliminación del colorante. Los resul-
tados experimentales revelan que el método de electro-
coagulación se puede usar como técnica de eliminación
eficiente de efluentes de Rojo Congo utilizando aluminio
como ánodo de sacrificio. A una concentración inicial de
colorante de 100 mg/l, se obtiene una eficiencia com-
pleta de eliminación usando como condiciones de ope-
ración 30 mA/cm2, pH 8, temperatura de 25 ºC, tiempo
de electrólisis de 40 minutos, NaCl (5 g/l) como electro-
lito de soporte, área de electrodo de 30 cm2 y separación
entre cátodo y ánodo de 3 cm.
Palabras clave: Electrocoagulación. Colorantes directos.
Rojo Congo. Aguas residuales. Electrodo de aluminio.
SUMMARY
The electrocoagulation of kongored dye from its syn-
thetic solutions via the anodically generated aluminum
ions was investigated in lab-scale experiments. The
effects of initial pH, applied current density, solution tem-
perature, electrolysis time, supporting electrolyte concen-
tration, initial dye load, electrode area and gap distance
between the anode and the cathode on the remaining
dye concentration and dye removal efficiency has been
critically examined. The experimental results revealed
that the electrocoagulation method can be used as a suc-
cessful removal technique for Kongored effluents using
aluminum as sacrificial anode. At initial dye concentra-
tion 100 mg/l the complete removal efficiency was
obtained at operating conditions, C.D. 30 mA/cm2, pH 8,
T 25ºC, electrolysis time 40 min, NaCl as supporting elec-
trolyte 5 g/l, electrode area 30 cm2 and gap distance
between the cathode and anode 3 cm.
Key words: Electrocoagulation. Direct dyes. Kongored.
Wastewater. Aluminum electrode.
RESUM
S’investiga l’electrocoagulació del colorant Vermell Congo
a partir de les seves dissolucions sintètiques via alumi-
ni generat anòdicament en experiments a escala labo-
ratori. S’examinen críticament els efectes del pH inicial,
la densitat de corrent aplicada, la temperatura de la dis-
solució, el temps d’electròlisi, la concentració d’electrò-
lit de suport, la càrrega inicial de colorant, l’àrea de l’elèc-
trode i la separació entre l’ànode i el càtode sobre la
concentració residual de colorant i l’eficiència d’elimi-
nació del colorant. Els resultats experimentals revelen
que el mètode d’electrocoagulació es pot emprar com a
tècnica d’eliminació eficient d’efluents de Vermell Congo
utilitzant alumini com ànode de sacrifici. A una concen-
tració inicial de colorant de 100 mg/l, s’obté una eficièn-
cia completa d’eliminació emprant com a condicions d’o-
peració 30 mA/cm2, pH 8, temperatura de 25 ºC, temps
d’electròlisi de 40 minuts, NaCl (5 g/l) com electròlit de
suport, àrea d’elèctrode de 30 cm2 i separació entre càto-
de i ànode de 3 cm.
Mots clau: Electrocoagulació. Colorants directes. Vermell
Congo. Aigües residuals. Elèctrode d’alumini.
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INTRODUCTION
The large quantity of wastewater generated by textile indus-
tries has becomes a dangerous environmental problem.
Dye bath effluents, in particular, are characterized by
intense color, high levels of Chemical oxygen demand
(COD), dissolved solid and highly fluctuating pH(1-3). The
strong color of the dye process wastewater leads to inter-
ference with light penetration in the receiving bodies of
water, thereby disturbing biological processes.
Furthermore, dye effluent may contain chemicals, which
are toxic, carcinogenic, mutagenic, or teratogenic in var-
ious microbiologic, fish species(4). Direct dyes are exten-
sively used in dyeing processes in Egypt, and about 5-
30% of these dyes released to the effluent. Direct dyes
have good water solubility and easily hydrolyzed into insol-
uble forms(5). Traditional methods of dyeing process waste-
water treatment such as biodegradation(6, 7), precipitation,
adsorption(8, 9), membrane filtration(10), photodegradation(11),
chemical oxidation(12-14), ozonation(15), chemical coagulation
or combinations of two or more of the above mentioned
methods are reported.
Although these methods have been widely used, but they
have some disadvantages such as (1) although biodegra-
dation is less inexpensive than other methods, it is often
ineffective because the toxicity of the dyes inhibits the
activity of the micro-organisms(16). (2) adsorbents are usu-
ally difficult to regenerate, (3) chemical coagulation caus-
es additional pollution due to the undesired reactions in
treated water and produces large amounts of sludge, (4)
Precipitation is time consuming, costly and not very effi-
cient, (5) Photolysis operate most efficiently with UV rather
than visible light which reducing efficiency and increasing
operating costs(17), (6) Ozonation, which is effective, versa-
tile, and environmentally sound, decolorizes the color of
the dye in wastewater by oxidation. However, the indus-
trial application of ozonation has been limited by the high
production and operational costs of ozone and by the poor
mass transfer rate of ozone(15). Moreover, these conven-
tional methods are also usually having inadequate treat-
ment efficiency because of the large variability of the com-
position of textile wastewaters(18, 19). Thus, an effective and
economical technique for removing dyes from textile waste-
waters is needed. In recent years, investigations have been
focused on the treatment of wastewaters using electroco-
agulation (EC)(20-23), which have various benefits including
environmental compatibility, versatility, energy efficiency,
safety, selectivity, amenability to automation, and cost
effectiveness(24). It is involves the in situ generation of coag-
ulants by electrolytic oxidation of an anodically dissolved
ions (e.g., iron and aluminum) upon application of a direct
current. The metal ions generated hydrolyze producing
metal hydroxide ions and neutral M(OH)3. The low solubil-
ity of the neutral M(OH)3, mainly at pH values in the range
of 6.0–7.0, promotes the generation of sweep flocks inside
the treated waste and the removal of the pollutants by their
enmeshment into these flocks. EC process removes pol-
lutants principally by coagulation, adsorption, precipita-
tion and flotation(25). The EC process is characterized by
simple equipment, easy operation, a shortened reactive
retention period, a reduction or absence of equipment for
adding chemicals and decreased amount of precipitate or
sludge which sediments rapidly.
The aim of this work was to investigate the decolorization
of representative direct dye (Kongored), by EC process.
The effects of several operating conditions, including ini-
tial pH, applied current density, Electrolysis time, initial dye
concentration, supporting electrolyte concentration, tem-
perature, and the distance between electrodes, on the
remaining dye concentration and decolorization efficien-
cy were investigated. 
EXPERIMENTAL
2.3. Set-up
The schematic diagram of the laboratory unit used for the
electrocoagulation process of the simulated wastewater
of kongored dye is shown in Fig. 1. The cell used in these
studies was made of transparent Perspex in the form of
rectangular trough with 1.25 liter volume. The anode (alu-
minum) was supported in a vertical position midway
between, and parallel to the aluminum cathodes. The dis-
tance between each cathode and the anode was 3cm, and
the electrolyte in each experiment was 1liter. All experi-
ments were carried out with stirring (the liquid inside the
cell and between the electrode is agitated). D.C power sup-
ply (model GP 4303D, LG precision Co.Ltd, Korea) was
used. The current and the potential measurements were
carried out using digital multimeter (Kyoritus model 1008
Japan).
2.4. Procedure
Synthetic solutions from the kongored dye studied at con-
stant concentration (to simulate high loaded dyestuffs
containing industrial wastewater) were prepared in distilled
water. Table (1) represents the dye structure and chemical
formula. The desired amount of the supporting electrolyte
was added and dissolved completely then the solution pH
adjusted to the desired value. The electrocoagulation cell
was then filled separately with 1000 ml of the above pre-
pared dyestuff solutions, stirring started and continue till
the end of the experiment. D.C. current is switched on at
the required current density and electrolysis was carried
out for the desired electrolysis time then all the system is
switched off and samples were subjected to analysis.
 
 
 
 
 
 
 
 
 
 
 
 
Figura 1. Laboratory electrocoagulation circuit.
TABLE I
Kongored structure.
Common name Kongored
Color Red
Chemical formula C32H22N6O6S2Na2
Formula weight 696.7
C.I. name Direct red 28
TRIPA AFIN 538  20/2/09  11:24  Página 476
AFINIDAD LXV, 538, Noviembre-Diciembre 2008 477
2.5. Analytical methods 
Remaining Kongored dye concentration (mg/l) was the ana-
lytical parameter used to evaluate the removal efficiency,
the phenomenon of the variation of the color of the dyestuff
solution, as a result of electrocoagulation process, forms
the basis of colorimetric analysis for determination of the
remaining dye load concentration(26). 
3. RESULTS AND DISCUSSION
3.1. Tentative mechanisms
Since this investigation is dealing with removal of kongored
dye from its synthetic solutions with aluminum ions gen-
erated by the anodic dissolution of metal aluminum elec-
trode, it is not out of space to summarize the reaction mech-
anism involved in this regards. It has been reported(27&28). 
Electrocoagulation is a complex process occurring via ser-
ial steps such as; electrolytic reactions at electrode sur-
faces, formation of coagulants (with high surface area and
high catalytic activity) in aqueous phase, adsorption of sol-
uble or colloidal pollutants on coagulants which are
removed by sedimentation or flotation.
The most widely used electrode materials in EC process
are aluminum and iron. In the case of aluminum, main reac-
tions are as
Anode: Al → Al3+ + 3e (1)
Cathode: 3H2O + 3e– → 3/2 H2 + 3OH
– (2)
On the other hand, at high pH values, both cathode and
anode may be chemically attacked by OH– ions:
2Al + 6H2O + 2OH
–
→ 2Al(OH)4
– + 3H2 (3)
Al3+ and OH– ions generated by electrode reactions (1) and
(2) react to form various monomeric species such as
Al(OH)2+, Al(OH)2
+, Al2(OH)2
4+, 2Al(OH)4
–, and polymeric species
such as Al6(OH)15
3+, Al7(OH)17
4+, Al8(OH)20
4+, Al13O4(OH)24
7+,
Al13(OH)34
5+, which transform finally into Al(OH)3(s) accord-
ing to complex precipitation kinetics(29-31).
Al3+ + 3H2O → Al(OH)3 + 3H
+ (4)
Freshly formed amorphous Al(OH)3(s) «sweep flocs» have
large surface areas which is beneficial for a rapid adsorp-
tion of soluble organic compounds and trapping of col-
loidal particles. Finally, these flocs are removed easily from
aqueous medium by sedimentation or H2 flotation.
On the other hand, Electrogenerated ferric ions may form
monomeric ions, ferric hydroxo complexes with hydroxide
ions and polymeric species, depending on the pH range.
These are: FeOH2+, Fe(OH)2
+, Fe2(OH)2
4+, Fe(OH)4
–, Fe(H2O)2
+,
Fe(H2O)4(OH)2
+, Fe(H2O)8(OH)2
4+, Fe2(H2O)6(OH)4
2+, which trans-
form finally into Fe(OH)3
(32,33).
Formation rates of the different species play an important
role in the decolorization process. Several interaction mech-
anisms are possible between dye molecules and hydroly-
sis products and the rates of these depend on pH of the
medium and types of ions present. Two major interaction
mechanisms have been considered in recent years: pre-
cipitation and adsorption, each one being proposed for a
separate pH range. Flocculation in the low pH range is
explained as precipitation while it is explained as adsorp-
tion in the higher pH range (>6.5)(29, 30).
Precipitation:
DYE + monomeric Al → [DYE–monomeric Al](s)    (pH = 4.0–5.0) (5)
DYE + polymeric Al → [DYE–polymeric Al](s)    (pH = 5.0–6.0) (6)
Adsorption:
DYE + Al(OH)3(s) → [particle] (7)
[DYE–polymeric Al](s) + Al(OH)3(s) → [particle] (8)
Freshly formed amorphous Al(OH)3 «sweep flocs» have
large surface areas which are beneficial for a rapid adsorp-
tion of soluble organic compounds and trapping of col-
loidal particles. These flocs polymerize as(30) and are
removed easily from aqueous medium by sedimentation
and H2 flotation. The same mechanism is also valid for iron.
nAl(OH)3 → Aln(OH)3n (9)
Taking the above mechanisms in mind kongored dye mol-
ecules may be attacked by one or more of the active spices
formed in the medium leading to the formation of flocs of
aluminum hydroxide bearing the dye adsorbed at its sur-
faces. In order to investigate the efficiency of the electro-
coagulation system, a series of experiments have been
carried out by using different operating conditions. The
results obtained with their appropriate discussion are giv-
en below.
3.2. Effect of pH
It has been established that the influence of pH is an impor-
tant operating factor affecting the performance of the elec-
trochemical process(34). To examine the pH effect, it was
adjusted to a desired value for each sample by using sodi-
um hydroxide or hydrochloric acid, then the experiment
carried out at operating conditions C.D. 30mA/cm2, elec-
trolysis time 20min., TºC 25, initial dye concentration
100 mg/l, NaCl concentration 3 g/l, electrode area 30 cm2,
and gap between the cathode and anode 3 cm. Fig. 2
demonstrates the remaining Kongored dye concentration,
and its removal efficiency as a function of the influent pH.
The maximum removal of kongored (39%) was observed
at pH 8. When the pH is increased from 8 to 11, the amount
of hydroxide ions in solution is increased. Consequently,
some of the generated aluminum ions pass to form an oxide
layer at the anode surface i.e. some of the electrogener-
ated aluminum ions anodically oxidized form oxide layer
at the anode surface. This leads to decrement of the rate
of more anodic dissolution of the aluminum metal and there-
fore the removal efficiency decreases to 21% at pH11. 
At low pH values, the solution protons were reduced at the
cathode to H2 and the same proportion of hydroxide ions
can not be produced. From the above pH value of 8 was
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Figura 2. Effect of pH on the remaining dye concentration
and dye removal efficiency using the electrocoagulation of
Kongored dye from its aqueous solutions via the anodi-
cally generated aluminum ions.
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selected to be the optimum pH to study the other operat-
ing conditions for the removal of kongored dye from its
synthetic solutions using the electrocoagulation by the
anodically dissolved aluminum.
3.3. Effect of applied current density
Figure 3 represent the effect of applied current density on
the remaining dye concentration, and removal efficiency
of kongored from its aqueous solutions at operating con-
ditions of pH 8, electrolysis time 20 min., TºC 25, initial dye
concentration 100 mg/l, NaCl concentration 3 g/l, electrode
area 30 cm2, and gap between the cathode and anode 3 cm.
As shown in Fig. 3, as the applied current density increas-
es the remaining dye concentration decreases while the
removal efficiency of kongored dye from its synthetic solu-
tions increased significantly. The increase in the removal
efficiency is ascribed to the fact that an increase in current
density leads to an increase in the quantity of oxidized alu-
minum generated from the electrode by the anodic disso-
lution process, resulting in the growth of flocs and hydrox-
yl radicals. Moreover, the bubble generation rate increases
and the bubble size decreases with increasing current den-
sity; both of these trends are beneficial in terms of a high
dye removal efficiency by floc flotation, caused by cathod-
ic reduction of H+ to H2
(35). The maximum removal efficien-
cy of the kongored dye achieved at current density
40 mA/cm2, where it reached 41%. After that, the removal
efficiency decreases, so 40 mA/cm2 was selected as the
optimum current density for the removal of the kongored
dye from its solutions using the electrocoagulation process
via the anodically dissolved aluminum ions.
3.4. Effect of temperature
The effect of temperature on the remaining dye concen-
tration, and removal efficiency of kongored from its aque-
ous solutions is illustrated in fig. 4, while the operating con-
ditions were C.D. 30 mA/cm2, electrolysis time 20 min.,
pH 8, initial dye concentration 100 mg/l, NaCl concentra-
tion 3 g/l, electrode area 30 cm2, and gap between the cath-
ode and anode 3 cm. Fig. 4 shows that, the removal effi-
ciency at 15ºC was about 27% reached to 39% at 25ºC
then no more increment with increasing the temperature.
The temperature increase improved the destruction of the
aluminum oxide film on the electrode surface(37). Meanwhile,
the generation of hydroxyl radicals in the bulk solution was
facilitated by increasing the temperature for the higher
mass transfer of different species at higher temperatures,
which then led to an enhancement of the rate of reaction
of the radicals with the pollutant(37). However, at higher tem-
peratures, the movement of the produced ions increases
considerably and as a consequence the ions have little
opportunity to aggregate and produce metallic hydroxide
flocs. From above temperature of 25ºC was selected as
the optimum for the removal of kongored from its synthetic
solutions using the electrocoagulation process via the anod-
ically dissolved aluminum ions.
3.5. Effect of electrolysis time
To explore the effect of operating time, the current densi-
ty is hold constant at 30 mA/cm2 and the other operating
conditions were pH 8, TºC 25, initial dye concentration
100 mg/l, NaCl concentration 3 g/l, electrode area 30 cm2,
and gap between the cathode and anode 3 cm. As seen in
fig. 5, the aluminum electrode requires 40 min for good
removal efficiency. The remaining dye concentration reach-
es at 40 min to 9 mg/l, and the dye removal efficiency
reached to 91%. Increasing the electrolysis time to 45 min,
complete removal of the dye was achieved. When Fig. 3
on one hand, and Fig. 5 on the other hand, are compared,
respectively, it is seen that the effect of current density and
operating time on performance criteria are very similar, this
means that two variables may be combined as a single
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Figura 3. Effect of applied current density on the remai-
ning dye concentration and dye removal efficiency using
the electrocoagulation of Kongored from its aqueous solu-
tions via anodically generated aluminum ions.
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Figura 4. Effect of temperature on the remaining dye con-
centration and dye removal efficiency using the electro-
coagulation of Kongored from its aqueous solutions via
the anodically generated aluminum ions.
0
20
40
60
80
100
120
0 20 40 60
Time (min.)
Ti
m
e 
(m
in
.)
0
20
40
60
80
100
120
D
ye
 re
m
o
v
al
 
%
Dye conc (mg/l)
Remov al %
Figura 5. Effect of electrolysis time on the remaining dye
concentration and dye removal efficiency using the elec-
trocoagulation of Kongored from its aqueous solutions via
the anodically generated aluminum ions.
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variable, charge loading expressed as Faraday per unit vol-
ume (or mass) of wastewater, and this may simplify great-
ly the process optimization studies.
3.6. Effect supporting electrolyte concentration
Due to the chemical substances added at a high concen-
tration from dyeing and finishing processes in the textile
industry, the textile wastewaters have a broad variation in
ionic strength. The greater ionic strength will generally
cause an increase in current density at the same cell volt-
age, or the cell voltage decreases with increasing waste-
water conductivity at constant current density. Therefore,
it is necessary to investigate the effect of wastewater con-
ductivity on electrocoagulation in terms of dye removal and
electrode and energy consumptions. The conductivity could
be studied in the present investigation as the effect of the
supporting electrolyte concentration. The supporting elec-
trolyte used in our study was NaCl because of the major-
ity of its use in the recipe of dyeing bathes in textile indus-
try. This effect was studied at operating conditions C.D.
30 mA/cm2, electrolysis time 40 min., TºC 25, pH 8, initial
dye concentration 100 mg/l, electrode area 30 cm2, and
gap between the cathode and anode 3 cm. When the con-
centration of NaCl increases, solution conductivity and cur-
rent density are raised. Consequently, with respect to(38):
V = EC – EA –  ζA– ζC–IRcell – IRcircuit (10)
the necessary voltage for access to a certain current den-
sity will be diminished, so the consumed electrical energy
is decreased. The effect of NaCl concentration on removal
efficiency is shown in Fig. 6. It can be seen that there is
complete removal at NaCl concentration 6 g/l. 5 g/l NaCl
was taken as optimum concentration of the supporting
electrolyte because the maximum sodium chloride used in
any dyeing bath doesn’t exceed 5 g/l and from the other
hand the removal efficiency reached up to 95% at this con-
centration.
3.7. Effect Initial dye load
The effect of initial dye concentration on the remaining dye
concentration, and removal efficiency of kongored from its
aqueous solutions was studied at operating conditions of
C.D. 30 mA/cm2, electrolysis time 40min., pH 8, TºC 25,
NaCl concentration 5 g/l, electrode area 30 cm2, and gap
between the cathode and anode 3 cm. Using aluminum as
sacrificial anode, the removal efficiency of kongored dye
was effectively reduced to 40%, when the initial concen-
tration of kongored increased from 5 to 200 ppm. As see
in Fig. 7, with increasing initial dye concentration, removal
efficiency of kongored decreases. The reason for this is
the lack of sludge for adsorption of excess dye in high con-
centrations. It is necessary to mention that the total amount
of sludge is constant for all concentrations.
3.8. Effect distance between electrodes
The effect of distance between the anode and cathode on
the remaining dye concentration, and removal efficiency
of kongored from its aqueous solutions was studied at
operating conditions of C.D. 30 mA/cm2, electrolysis time
40 min., pH 8, TºC 25, NaCl concentration 5 g/l, electrode
area 30 cm2, and initial dye concentration 100 mg/l.
Fig. 8. depicts the dye removal efficiency at different elec-
trode gap distances (1, 2, and 3 cm). As the distance
between the anode and the cathode was increased, the
efficiency of dye removal increased (71, 77, and 95% after
40 min reaction time, respectively) because the increase
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in the electrode gap decreased the electrostatic effects so
that the movement of the produced ions would be slower
and they would have more opportunity to aggregate and
produce flocs. Consequently, these flocs were able to
adsorb more dye molecules. At gap distance 4 and 5 cm
the removal efficiency mainly the same, but the required
cell voltage to maintain the same applied current density
is increased which means higher energy consumption than
that consumed at gap distance 3 cm from the above gap
distance 3 cm between than anode and cathode for the
removal of kongored from its aqueous solutions using the
electrocoagulation via the anodically dissolved aluminum
ions.
3.9. Effect electrodes area
The effect of electrode area on the remaining dye con-
centration, and removal efficiency of kongored from its
aqueous solutions was studied at operating conditions of
C.D. 30 mA/cm2, electrolysis time 40 min., pH 8, TºC 25,
NaCl concentration 5 g/l, initial dye concentration 100 mg/l,
and gap between the cathode and anode 3 cm. There is
direct relation between removal efficiency and total area
of electrodes. So when the area of electrodes increase and
the current density maintained at the same value 30 mA/cm2,
the generated aluminum ions by the anodic dissolution
increased with the same particle size and also the distrib-
ution of the coagulation agent’s density becomes more
effective. This can produce the related coagulation and
completes the removal of samples. On the other hand, as
shown in fig. 9, it is clear that, as the electrode area
increased, the remaining dye concentration was decreased,
While the removal efficiency increased. Increasing the elec-
trode area from 30 cm2 to 35 cm2 increases the dye removal
efficiency from 95% to 100% as a color removal.
4. CONCLUSION
The anodically generated aluminum ions removed direct
dye (kongored) from its aqueous solutions efficiently and
with short electrolysis time via electro-coagulation process.
For initial dye concentration 100 mg/l, complete dye removal
efficiency was achieved at operating conditions: current
density of 30 mA/cm2, pH 8, temperature of 25ºC, elec-
trolysis time 40 min, sodium chloride as supporting elec-
trolyte 5 g/l, electrode area of 35 cm2, and gap distance
between the anode and cathode 3 cm. The removal of
the kongored was found to be a successful process via the
electrocoagulation using the anodically generated alu-
minum ions at a low current density. 
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